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Centro de Distribuição Urbana é uma solução de logística urbana que contribui para reduzir o 
congestionamento e os efeitos negativos das atividades de transportes em ambiente urbano, no 
entanto, poucos projetos foram totalmente implementados. A sustentabilidade financeira é 
frequentemente mencionada como um obstáculo para sua implementação e os eventuais 
benefícios sociais e ambientais não são adequadamente incluídos nas avaliações econômicas. 
O objetivo desta pesquisa é identificar e monetizar, para cada stakeholder, impactos sociais e 
ambientais de implementações de centros de distribuição urbana, que não são usualmente 
considerados nas avaliações econômicas, e incorporá-los na análise de custo-benefício. Dois 
estudos de caso são usados para aplicar o método proposto e comparar as avaliações 
econômicas. Os resultados mostraram que, quando são incorporados benefícios como a redução 
de congestionamento e emissões de poluentes aos atores envolvidos e que originalmente não 
foram considerados, sua implementação pode se tornar viável. Este estudo pode contribuir nas 
análises de novos projetos de implantação de centros de distribuição urbana com avaliações 



















An Urban Consolidation Center is a city logistics solution which contributes to reducing traffic 
congestion and the negative effects of transportation activities in urban areas, but few projects 
have been implemented fully. Financial sustainability is commonly mentioned as a constraint 
to their implementation and environmental and social potential benefits are not incorporated in 
the economic evaluation properly. The objective of this research is, for each stakeholder, to 
identify and monetize social and environmental impacts of the urban consolidation center 
implementation, usually not considered in economic evaluations, and incorporate them in the 
Cost-benefit analysis. Two case studies are used to apply the proposed method. The results 
showed that when incorporating benefits to the stakeholders which were not originally 
considered, as traffic congestion and pollution emissions reduction, its implementation might 
be viable. This study might contribute with new urban consolidation center projects analysis 
through a more comprehensive economic evaluation, incorporating social and environmental 
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The world population is already more urban than rural. The global urbanization rate 
increased from 30% in 1950 to the current 55% and it is expected that it will reach 68% in 2050 
(WB, 2017). In Brazil, the rate was 84.4% in 2010 (IBGE, 2017) and it will reach 91% in 2050 
(UN, 2014).  
Cities play an important economic role, where more than 80% of world Gross Domestic 
Product (GDP) is generated (WB, 2017). It is very common to find cities neighborhoods with 
high concentration of retail stores, restaurants and bars, pharmacies, service shops, etc. 
Supplying this sort of facilities is a challenge, especially because they are people and cargo 
attractor pole and consequently, traffic.  
The goods urban flow is mostly carried by trucks (Diziain et al., 2014; MTPA, 2017) which 
aggravates the problem of traffic congestion, once most cities, especially in developing 
countries such as Brazil, face lacking in transportation road infrastructure investments 
(Infra2038, 2019). Nonetheless, it is essential to meet the demand for products and services and 
to foster the economic development. On the one hand, urban distribution contributes worsening 
the traffic congestion, but on the other hand, the traffic directly impacts the urban distribution, 
as demonstrated by a pilot study conducted in São Paulo, where the delivery cost during 
congestion is, on average, 108% higher than the cost at free flow (Holguin-Veras et al., 2016). 
The combination of optimizing the urban goods flows and minimizing the adverse social and 
environmental effects is the cornerstone of City or Urban Logistics (Taniguchi et al., 2001; 
Dablanc, L, 2007; Thompson and Taniguchi, 2008; Taniguchi, 2014). Urban Consolidation 
Center (UCC), also known as Urban Distribution Center (UDC), is one of the most implemented 
and studied city logistics initiative (Björklund and Johansson, 2018) and can be defined as “a 
facility involving the trans-shipment of goods directed to urban areas, aiming to consolidate 
deliveries, and thus provide greater efficiency in the distribution process by increasing the 
truckload factor and decreasing the number of trucks used, which help mitigate urban 
congestion and air pollution” (Panero et al., 2011).  
The introduction of an UCC affects the last part of the supply chain, the delivery to 
customers. Figure 1 and Figure 2 illustrate an example of last mile delivery, the final process of 
delivering goods, in a hypothetical region with high concentration of stores and access 
restriction for medium and heavy-duty vehicles during the day, also the receivers (stores) 
request their order deliveries individually and decentralized of other receivers at the same 




carriers for this region. Three small cargo vehicles are used for all deliveries. Vehicles V1 and 
V2 are from the same supplier and carrier, and customer C5 receives goods from two different 
suppliers with deliveries performed by vehicles V1 and V3. 
 
 
Figure 1: Example of Last Mile Delivery without UCC 
 
In the example with UCC (Figure 2), the first carrier consolidates the vehicle V1 and V2 into 
a single vehicle (T1), which transfers the deliveries to the UCC at night. In the UCC, the 
deliveries of different suppliers are consolidated by route and loaded in two vehicles for the 
same group of customers, which previously were served by three. 
 
Figure 2: Example of Last Mile Delivery with UCC 
As the UCC operation consolidates deliveries in an optimized route, results reported of its 
implementation are improvement in vehicle load factor and reduction in vehicle trips and 
kilometers traveled, as well as in time and space occupied in curbsides for load and unload 
operations and conflict or risk of accidents between cargo vehicle and other road users, 
including pedestrians (Allen et al, 2012). Socio-environmental benefits are widely cited in city 
logistic projects as air pollution reduction, both greenhouse gas (GHG) emission and local 
pollutants, and noise nuisance (Browne et al., 2005; Allen el al., 2012; Browne et al., 2011; van 
Duin et al., 2013).  
Some examples of the benefits reported of the UCC implementation are improvements in 
vehicle load factors of 15% to 100%, reductions in vehicle kilometers traveled ranged from 60% 




The implementation of UCC also is mentioned as an alternative for efficient urban freight 
transportation in terms of preservation of historical heritage and sustainability for historical 
cities or areas, where the cargo vehicle restrictions are essential to preserve the area (Carvalho 
et al, 2019). 
Regardless of benefits, relatively few UCCs are in operation. According to Allen et al. 
(2012), from 1970 to 2010, of 114 studied UCC schemes, only 50 were operational. The cost of 
extra transshipment affects the economic viability which is commonly cited as a relevant 
constraint for UCC implementation, and for those implemented, it is often mentioned public 
funding needs. (Van Rooijen and Quak, 2014; Browne et al., 2011; Panero et al., 2011; IPPUC, 
2014; Nordtømme et al., 2015). Other factors identified as important barriers for UCC success 
are the number of users, the type of vehicles for the last mile delivery, the location of the facility, 
the lack of understanding of the UCC concept and the conflict between different stakeholders´ 
requirements (Van Duin et al., 2010; Browne et al., 2007; Muñuzuri et al., 2005; Nordtømme 
et al., 2015). 
Concerning economic viability, there are evidences that environmental and social benefits 
are not usually incorporated at the economic evaluations and most of projects are analyzed 
under the point of view of the UCC direct cost and benefits, excluding, for example, the 
reduction of greenhouse gas emission (Browne et al., 2005). Björklund and Johansson (2018) 
present environmental and societal effects, in terms of external costs, as rarely discussed as part 
of the economic analysis as well as their quantifications. Only two articles out of 56 published 
on peer-reviewed journals, between 2000 and 2017, discuss the calculation of the mentioned 
external costs without details (Alessandrini et al., 2012; Estrada and Roca-Riu, 2017). 
The purpose of this research is to identify and monetize external costs and benefits for main 
stakeholders and incorporate them in UCC economic evaluations. This approach might help 
broaden impact analysis of UCC implementation, considering not only the operational point of 
view but also impacts for the city, as environmental and social ones. 
This dissertation contains: (i) the research project proposal, which establishes the objective 
of the work, the scope and the methodology; (ii) the literature review of UCC costs and benefits, 
incorporation of external costs in UCC projects, the Kaldor-Hicks criterion, examples of 
monetizing impacts and economic evaluation of transportation projects; (iii) the proposed 
methodology; (iv) the methodology application in two Brazilian cities, São Paulo and Curitiba, 




1.1. RESEARCH OBJECTIVE 
Once only few publications explore the inclusion of socio-environmental benefits in UCC 
analysis and many scholars mentioned the UCC financial unsustainability (Browne et al., 2005; 
Fernandez-Barcelo and Campos-Cacheda, 2012; Alessandrini et al., 2012 Taniguchi et al., 
2014; Janjevic et al., 2016; Lin et al., 2016; Estrada and Roca-Riu, 2017; Björklund and 
Johansson, 2018), this research focus on this question: 
Would it be possible to include socio-environmental benefits in the UCC economic analysis 
that could change the evaluation result? 
The hypotheses of this research are: (i) it might have opportunities to include socio-
environmental benefits for stakeholders in the UCC economic evaluation; (ii) and the Kaldor-
Hicks criterion which is the foundation of cost-benefit analysis and largely used in public 
policies, sustainability, and wealth distribution evaluations, might contribute to developing a 
comprehensive UCC economic evaluation. 
This research aims at identifying and monetize social and environmental impacts for each 
stakeholder of the UCC implementation, usually not considered in economic evaluations, and 
incorporate them in the cost-benefit analysis. 
The focus of the study is on major direct impacts of the UCC implementation, considering 
only the last mile delivery. Minor costs or those that are not generally related to its 
implementation are not part of this scope, as maintenance of the road infrastructure, eventual 
improvements on companies image due to sustainable projects, stock level variation, etc.  
Also, the geographic chosen areas are cities of Brazil, which has different relevant 
characteristics from cities in Europe or other developed country, as urbanization rate (87%) 
above world average (56%) (UN, 2018),  GDP per capita (US$ 8,920) below world average 
(USD 11,198) (WB, 2019), 2 megacities (São Paulo and Rio de Janeiro) (UN, 2018),  lack of 
transportation infrastructure (Infra2038, 2019), high levels of traffic congestions (São Paulo is 
ranked in 21st position of the most congested cities around the world according to Tom Tom, 
(2018)) and no known UCC operation (Allen et al., 2012; Ma, 2014). This context might 
indicate that sustainable urban solutions would bring relevant benefits for Brazilian cities. 
The result of this study might contribute to an UCC economic evaluation which incorporates 
external costs and benefits. It proposes to change the viewpoint restricted to UCC operating and 




1.2. RESEARCH PHASES 
The research plan encompasses the processes described below: 
• Literature Review focused on UCC and economic viability, economic evaluation 
including socio-environmental impacts, the Kaldor-Hicks criterion and socio-
environmental impact monetization. 
• Methodology development. 
• Methodology application for two UCC projects in Brazil, one based on a hypothetical 
project and the other on data of a study conducted in the city of Curitiba. 
• Discussion, limitations and conclusion of the research. 
Figure 3 illustrates the research phases. 
 
Figure 3: Research Project Proposal 
 
 
2. LITERATURE REVIEW 
The literature review is divided into: (i) Concept of UCC, benefits, barriers and key success 
for its implementation and incorporation of social and environmental impacts in the project 
evaluation. (ii) Welfare economics, the Kaldor-Hicks criterion and Cost-Benefit analysis, which 
are applied to this research; (iii) the approach of project evaluation by Multilateral Development 
Banks (MDB); and (iv) examples of monetizing social and environmental impacts related to 
freight transportation in Brazil. 
2.1. URBAN CONSOLIDATION CENTER (UCC) 
“UCCs are logistics facilities that are situated in relatively close proximity to the geographic 




or an entire urban area.” The interest in this urban logistics solution is based on the potential to 
alleviate pollution and the negative externalities of the traffic in urban areas (Allen et al., 2012).   
The increase in the cargo vehicles load factor and delivery consolidation are the UCC main 
objectives as reported in many studies (Browne et al., 2005; Browne et al., 2011; Panero et al., 
2011; Allen et al., 2012; Janjevic et al, 2016).  
Some specific results of UCC implementation are reduction of the number of trucks serving 
the Tenjin-District Joint Distribution Program in Fukuoka, Japan, by 65% and the total distance 
traveled (km/day) by 87% (Karrer and Ruesch, 2007). The UCC in Kassel, Germany, reduced 
by 12.7% the trips to the city center of Bremen and by 60% the cargo vehicles within the UCC 
service area (Browne et al., 2005). Van Rooijen and Quak (2010) studied the local impact with 
the UCC Binnenstadservice.nl and according to their modeling, the vehicles reduction could 
achieve 58.6%, at full capacity. In Lucca, Italy, the UCC implementation with electric vehicles 
fleet resulted in a reduction of traffic congestion, number of vehicles in the historic center and 
levels of air pollution (a reduction of 20% and 27% in the levels of CO2 and particulate matter, 
respectively) (SUGAR, 2011).  
Regardless of reported benefits, only 50 out of 114 studied UCC schemes up to 2010, were 
operational (Allen et al., 2012). Nordtømme et al. (2015) classify the main barriers in UCC 
implementation as: (i) Financial and Practical: availability of personnel, finances and 
equipment; risks of not achieving the benefits projected; questions about financed costs and 
who would be benefited from saved costs and who should be responsible for the costs to 
reducing externalities from freight activities; (ii) Social and Cultural: acceptance among 
stakeholders, mainly by whom have invested in and adapted to existing infrastructure; (iii) 
Institutional:  issues related to coordination between different authoritative bodies and levels; 
(iv) and Legal: legal requirements. 
Based on literature, a not exhaustive list of key factors that influence the success of the UCC 





Table 1: List of UCC key success factors  
Success Factor Author, year 
UCC Cost for users Nordtømme et al.,2015; Van Duin et al., 2008; Allen 
et al., 2012; Marcucci and Danielis, 2008. 
Service quality (reliability of the delivery 
operation, delivery time, etc) 
Tsamboulas and Kapros, 2003; Gonzalez-Feliu, 
2011; Balm et al., 2014; Panero et al., 2011 
Service area infrastructure (streets layout, 
load&unload infrastructure, etc) 
Lewis et al., 2010; Quak and Tavasszy, 2011 
Public funding availability Lewis et al., 2007; Quak and Tavasszy, 2011; Van 
Duin, 2009; Allen et al., 2012; Gonzalez-Feliu, 2011; 
Van Duin et al., 2012; Panero et al., 2011; Browne et 
al., 2005 
Regulatory framework, restrictive and inhibitive 
conditions for urban freight transportation and 
their degree of enforcement 
Van Rooijen and Quak, 2010; Quak and Tavasszy, 
2011; Van Duin et al., 2012; Panero et al., 2011; 
Browne et al., 2005 
Location of the UCC Van Rooijen and Quak, 2010; Quak, 2008; Quak and 
Tavasszy, 2011; Van Duin, 2009; Allen et al., 2012; 
Van Duin et al., 2012; Browne et al., 2005 
Stakeholder involvement, collaboration and 
acceptance 
Van Duin et al., 2012; Quak, 2008; 
Panero et al., 2011; Browne et al., 2005; Nordtømme 
et al., 2015 
Public acceptance Quak, 2008; Quak and Tavasszy, 2011 
Legislation and competition laws Gonzalez-Feliu, 2011 
Additional services offered by the UCC Quak, 2008; Quak and Tavasszy, 2011; Allen et al., 
2012; Van Duin et al., 2012 
Organization (public or private) Van Duin, 2009 
Quality of the project (well-structured) Browne et al, 2005; Van der Donk, 2015 
Source: adapted from Janjevic et al., 2017 and Carvalho et al., 2016. 
Economic viability is commonly cited as a relevant constraint for UCC implementation. 
Some stakeholders of city logistics (i.e., shippers, receivers and carriers) are not willing to pay 
additional costs for using them (Kin et al., 2016) and public funding is often mentioned as 
required, mainly in the first years of the operation (Van Rooijen and Quak, 2014; Browne et 
al., 2011; Panero et al., 2011; Janjevic and Ndiaye, 2017; IPPUC, 2014). Local government can 
also contribute with supportive regulations to facilitate UCC implementation, as exemplified 
by Aljohani and Thompson (2017), demonstrating the municipality involvement importance.  
According to Browne et al. (2005), “The evidence suggests that the benefits are more 
difficult to quantify and allocate than the costs” and “… there is a danger that the UCC will be 
seen mainly as a financial drain as a result of a focus on the direct monetary costs associated 




Some scholars have been addressing economic analysis of UCC and the incorporation of 
socio-environmental benefits in project analysis implementation. Table 2 presents some 
publications about these themes. 
Table 2: List of papers addressing socio-environmental impacts in economic analysis of UCC 
Author, year Description 




They formulate a model of social costs related to urban distribution of goods 
considering the polluting emissions of commercial vehicles, the noise emitted by 
the same ones, the congestion and the accidents associated to their circulation. 
Data from Barcelona, Spain are used in the model application. 
Alessandrini et al., 2012 Social costs associated to pollutants emission (CO2, HC, NOx, PM and SO2) are 
estimated in physical and monetary units, from the shift of truck distribution to 
the multi-modal urban distribution for the city of Rome, Italy. 
Taniguchi et al., 2014 In this publication it is highlighted the relevance of urban freight vehicles on 
pollutant emissions and presented approaches of some models to predict the 
emissions associated with urban freight operations.  
Janjevic et al, 2016 They present quantitative models to evaluate UCC scenarios, including the 
environmental impact calculation as congestion, local and global emissions and 
noise for Brussels, Belgium. The environmental impacts are presented separately 
of the financial analysis. 
Lin et al. (2016) It was applied the Continuous Approximation method and the Motor Vehicle 
Emission Simulator, by the U.S. Environmental Protection Agency (EPA, 2017), 
to estimate the UCC effectiveness in terms of logistics costs, energy consumption 
and local pollutant (PM2.5), separately. 
Estrada and Roca-Riu, 
2017 
In this work, it is presented a set of compact formulas involving the logistics cost 
estimation and the cash flow among the stakeholders which include the monetary 
cost of the pollutants impact (NOx, CO2 and PM2,5) on the society and 
environment. 
Based on these research projects, it was identified an opportunity to deepen the study of 
social and environmental impact of UCC implementation and how to monetize and incorporate 
them in economic analysis, considering the Brazilian context, a developing country with high 
urbanization rate and problems with traffic congestion in many cities. 
2.2. WELFARE ECONOMICS, THE KALDOR-HICKS CRITERION AND COST-
BENEFIT ANALYSIS 
Welfare economics is a field of microeconomics which investigate how to improve the 




income distribution. Welfare economists study tools to guide public policies aiming to achieve 
beneficial social and economic outcomes for all society. (Pigou, 1951; Investopedia, 2019). 
In the beginning of the XX century, the Welfare Economics concept is formalized by 
publications of Professor Pigou, who discussed the notion of the divergence of private and 
social cost. The “New Welfare Economics” of the 1930s, reconstructed welfare economics 
(OECD, 2006). According to Buchanan (1959), “The ‘new’ welfare economics was born in 
response to the challenge posed by the positivist revolution. The intellectual source of this 
subdiscipline is Pareto, whose earlier attempts to introduce scientific objectivity into the social 
studies led him to enunciate the now-famous definition of ‘optimality’ or ‘efficiency.’”.  
Pareto´s efficiency establishes that “The definition may be transformed into a rule which states 
that any social change is desirable which result in (i) everyone being better off or (ii) someone 
being better off and no one being worse off than before the change.” 
The Kaldor–Hicks Criterion can be described as a less stringent criterion than Pareto´s 
efficiency once it considers that a change is desirable, if the “winners” would be able to 
compensate the “losers” and still be better-off, even if the compensation is not in fact paid, (the 
Kaldor criterion) and the “losers” could not compensate the “winners” for not undertaking the 
change (the Hicks criterion), (Platts, 1978, Hohl and Tisdell, 1997; Kaldor, 1939; Hicks, 1939; 
Reckon Open, 2010; Coleman, 1980).  
The Kaldor–Hicks criterion is largely mentioned in Welfare Economics as the basis on which 
"costs" and "benefits" of various options can be combined into an overall assessment and 
applied in analyses focused on public policies, sustainability and wealth distribution (Posner, 
1980; Jones and Sugden, 1982, Reckon Open, 2010) and in some transportation projects (Lane 
and Sherman, 2013; Isa et al., 2018). 
Cost-Benefit Analysis (CBA) can be understood as the application of the Kaldor-Hicks 
Criterion, concept of efficiency to evaluate public projects focus on human wellbeing (Posner, 
2000; OECD, 2006). In cost-benefit grounds, project or policy implementation might be 
considered if its social benefits exceed its social cost (OECD, 2006).  
By allowing the direct comparison of different types of outcomes resulting from a diversity 
of actions, CBA is considered the master method of economic evaluation (Messonnier and 




2.3. ECONOMIC EVALUATION APPROACH OF MULTILATERAL 
DEVELOPMENT BANKS 
Examples of monetizing socio-environmental benefits can be found in Multilateral 
Development Banks (MDBs) publications, as Inter-American Development Bank (IDB), World 
Bank (WB) and Asian Development Bank (ADB), which are supranational institutions set up 
by sovereign states, which also are their stakeholders. They provide financial and technical 
support to developing countries to help them strengthen economic management, reduce poverty 
and address the effects of climate change (European Investment Bank, 2017; U.S. Department 
of the Treasury, 2017).  
MDBs are very important resources of investment for projects classified as costly, risky, 
complex or with focus on social and environmental issues (Ferraz et al., 2013. Their project 
evaluations tend to be more complex and comprehensive, and some MDBs examples of 
incorporating socio-environmental impact in economic evaluations might be used as reference 
for researchers. 
To understand how externalities were incorporated in MDB project economic evaluations, 
some representative MDBs, with recognized participation in transportation infrastructure 
investment, were selected and an analysis on their publications was conducted. The selected 
banks, mainly because of their publications contributions, were the WB, IDB, ADB and the 
Development Bank of Latin America (CAF).  
According to these publications, standardization of incorporating externalities is lacking.  





Table 3: Summary of the MDBs publications related to transportation economic evaluation 
MDB How are social and environmental issues incorporated in the Bank operations? 
IDB Among some publications of the theme, a technical note highlights the importance of expanding 
project evaluation by including monetized socio-environmental impacts and also redesigned CBA 
incorporating costs and benefits after mitigation measures. This document presents an example of 
different CBA considering (i) no social and environmental impacts, (ii) including them and (iii) 
including them with mitigation actions (Dixon, 2012). 
WB Two studies expressing the importance of analyzing social and environmental impacts and include 
them in CBA of transportation projects are highlighted: a cost–benefit modeling framework which 
was applied in four simulated projects considering black carbon emissions (WB, 2014) and a 
guideline to monetize health effects of air pollution from traffic congestion based on Europe and 
North America data (WB, 2012). 
ADB A guideline is available with examples of social and environmental impacts which could be 
considered on CBA, including a suggestion of GHG emission value per ton (ADB, 2017). 
CAF CAF guideline related to infrastructure projects lists main procedures and reports that loan 
solicitants should complete, some of them are related to social and environmental aspects with no 
specifications regarding economic evaluation (CAF, 2017). 
2.4. MONETIZING SOCIAL AND ENVIRONMENTAL IMPACTS 
As mentioned by Browne et al. (2005) and Björklund and Johansson (2018), examples of 
monetizing socio-environmental benefits in economic evaluation of city logistics projects are 
few. Some studies were published in Brazil encompassing the monetization of transportation 
externalities providing data which can be used in UCC projects.  
Firjan (2014) estimates the amount of money lost by population stuck in traffic congestion 
based on the city data as GDP, economically active population, average working hours, traffic 
congestion extension, average number of vehicles in congested lanes, average of passengers per 
vehicle and the value of wasted fuel.  
The main Brazilian cities have been studied and regarding the city of Curitiba, Firjan (2015) 
calculated as the traffic congestion cost, 3.3% of the city GDP and for the city of São Paulo, 
5.7%. 
Particulate Matter (PM) is defined by the United States Environmental Protection Agency 
(EPA) as a mixture of solid particles and liquid droplets found in the air. PM2.5 are fine inhalable 
particles, with diameters that are generally 2.5 micrometers and smaller, resulting from complex 
reactions of chemicals such as sulfur dioxide and nitrogen oxides, which are pollutants emitted 




Reductions in PM2.5 exposure reduce respiratory and cardiovascular system problems and 
risk of premature mortality (WHO, 2006). 
ISS (2017) considers the current level of a local pollutant, PM emissions in São Paulo 
(Brazil), average emissions by the diesel bus fleet (which is the same technology for trucks) 
and their impact on population health problems. The study monetizes the reduction of private 
and public hospitalization and premature mortality related to lower level of PM exposure by 




This research has been elaborated according to the scientific methodology as described 
below: 
• Initial research steps as theme definition, preliminary literature review, objective 
delimitation and broad literature review. 
• For the construct validation it was developed a literature review which made it 
possible to develop the theoretical framework and the steps to incorporate and 
monetize the externalities of UCC implementation as illustrated in Figure 4: 
 
Figure 4: Economic Analysis Framework Development 
• For the internal validation, a hypothetical case was structured based on empirical 
data from the city of São Paulo and UCC parameters according to the literature 
review. The application of the Kaldor-Hicks criterion through the CBA allowed the 




• For the external validation, a UCC case study conducted in Curitiba, Brazil, was used 
and the proposed methodology was applied to the original set of data. A new 
economic evaluation was performed considering the framework. 
The presented methodology is discussed in the following topics. 
3.1. UCC STAKEHOLDERS IDENTIFICATION 
UCCs are frequently mentioned to impact different stakeholders (Allen et al., 2012), which 
are classified in five groups: local authorities/government, receivers, logistics service 
providers/carriers, suppliers/shippers and residents/local population (Björklund and Johansson, 
2018). 
The main UCC stakeholders and their inter-relationship are represented in Figure 5. 
 
Figure 5: Inter-relationship among UCC stakeholders. 
Source: adapted from Ma (2014) and Carvalho et al. (2019). 
The Shippers are Suppliers/Distribution Centers/Wholesalers who are responsible for the 
goods to be delivered to the stores. They contract Carriers to perform the deliveries. 
The Carriers are the logistics operators who perform the transportation from Shippers to 
Receivers at the Baseline Scenario and from Shippers to UCC at the UCC Scenario. 
The Receivers are the stores/establishments which receive the goods. 
Public Authorities are responsible for legal framework as well as for enforcement of the 
legislation. In this work, the public authorities are represented by the Local Government or 
Municipality, responsible for the city/area impacted. 
Local Population are the people affected by the UCC as residents or people who circulate 




3.2. IMPACT ANALYSIS BY STAKEHOLDER 
Allen et al. (2012), who conducted an extensive literature review about UCC schemes, 
reported the results and lessons learned from UCC trials and initiatives divided in: traffic and 
environmental impacts, organizational features, financial issues and operational practices, 
which are more detailed below. 
Traffic and environmental impacts: improvement in the vehicles load factor, reduction of the 
total distance traveled (vehicle kilometer traveled – VKT), the GHG emissions and local air 
quality pollutants associated with these journeys, less conflicts between goods vehicles and 
other road users, reduction of the total curbside time and space occupied by vehicles making 
on-street deliveries, and reduction of the impact of freight operations on traffic congestion. 
Organizational features: UCC serving one single landlord, part or all city and the restrictions 
on the goods vehicle operations implemented by public transportation authorities.  
Financial issues: for UCCs serving part or all urban area, public subsidies are required, it is 
desirable for initial period, but it is likely to be necessary on a continuing basis. 
Operational practices: use of greener vehicles for last mile delivery, location of the UCC and 
possibility to offer additional service for customers as retails stock control, packaging and 
reverse logistics. 
These points were analyzed and allocated to the main impacted UCC stakeholders. The 
organizational features and the location of the UCC are considered as characteristics of the 
project, influencing the results of its implementation. In this way, they are not listed as impact 
in this research. 
3.2.1. SHIPPERS ASSESSMENT 
The reduction of GHG emission is frequently reported as consequence of vehicle kilometers 
traveled (VKT) reduction. Considering the more common shippers´ sales type in Brazil is CIF 
(cost, insurance and freight), the GHG reduction is allocated for the Shippers once they are 
responsible for delivering the products to the Receivers.         
Even though the freight is responsibility of the Shippers, the common mentioned UCC 
financers are local government, and in some cases, Carriers and Receivers (Björklund and 
Johansson, 2018). For this research, it is assumed that there is no change in the delivery cost 
for Shippers. 
The UCC might offer additional services as Receivers´ stock control, packaging services, 
reverse logistics, etc., allowing better service level and stock availability. As these services 




The use of a more sustainable operation, like UCC, might impact the Shippers image as part 
of a Corporate Social Responsibility, which is defined as “a concept whereby companies decide 
voluntarily to contribute to a better society and a cleaner environment” (Commission of the 
European Communities, 2001). Once this potential impact is complex to be measured and vary 
according to the company and project, they are not considered in this research. 
One could argue that, in addition to the mentioned impacts, the introduction of a new player 
in the supply chain might difficult the communication between the Shipper and the Receiver. 
Considering the available communication infrastructure which might minimize eventual 
problems or communication delays, this impact also is not considered in this study. 
3.2.2. CARRIERS ASSESSMENT 
Carriers are benefited from improvements in vehicle load factor and VKT reduction by 
replacing the deliveries to Receivers by transfers to UCC. These benefits are considered as 
vehicle productivity in this model.  
More availability of curbside space and time and reduction of conflict between goods 
vehicles and other road users also might impact vehicle productivity of any carrier serving the 
UCC service area. Due to the lack of data over these themes and the complexity to isolate the 
benefits for UCC stakeholders, they are not considered in this study. 
As previously mentioned, it is considered that Carriers do not pay for using the UCC, with 
exception for Monaco, Tenjin and Nijmegen (Allen et al., 2012). 
3.2.3.  RECEIVERS ASSESSMENT 
Receivers are benefited from the delivery consolidation from different Shippers, reducing 
the time and cost spent with goods receiving.  
The improvement on curbside availability might facilitate parking near Receivers, for the 
same reasons presented in Carriers Assessment, this impact is not considered. As well as the 
opportunities related to additional services provided by the UCC, once they depend on specific 
characteristics of each service and operation. 
This study also considers that Receivers do not pay for using the UCC, as most UCC schemes 
do not charge them by the operation, with exception for Monaco (Allen et al., 2012). 
3.2.4. LOCAL POPULATION ASSESSMENT 
The reduction in VKT reduce the PM2.5 emission which affects the population health when 




high levels of PM concentration are associated with premature mortality and hospitalization 
costs. The reduction of local pollutants emitted by cargo vehicles contribute to reduce the costs 
related to the negative impact of PM exposure. 
 The cargo vehicles reduction circulating in the UCC service area impacts positively in the 
traffic congestion level and in the commuting time spent by the population. 
Traffic accidents might be considered as benefit for Local Population, however due the lack 
of data linking the decrease of cargo vehicles with traffic accidents, they are not considered in 
this analysis. 
Public subsidies might be understood by population expenses once they contribute to 
Government budget paying taxes, however in this model, eventual public subside is allocated 
for Local Government. 
3.2.5. LOCAL GOVERNMENT ASSESSMENT 
The Local Government is also benefited from the local pollutants emission reduction due to 
the VKT reduction, once the health problems related to local pollution affect the public health 
system. 
As mentioned in many UCC schemes, Local Government commonly contributes by 
financing the UCC operation. This study allocates the UCC costs for the Local Government.  
The improvement of curbside availability, reduction of risk of accidents and the possibility 
to use greener vehicles in last mile delivery are not considered in this research because of the 
lack of data and specificity of each project.  
3.2.6. SUMMARY OF IMPACT ANALYSIS BY STAKEHOLDER 
Considering the impacts for each stakeholder according to Allen et al. (2012) and the 
stakeholders’ assessments, the impacts were adapted and allocated for each stakeholder. Table 






Table 4: Selected UCC implementation Impacts  
Impacts adapted 
from Allen et al., 
2012 
Shippers Carriers Receivers Local Population Local 
Government 
Improvements in 
vehicle load factor 















 Traffic congestion 
and local air 
pollution emission 
reduction 
Local air pollution 
emission reduction 
Initial or long-term 
public funding 




goods vehicles and 
other road users 
 Accidents risk 
reduction  





curbside space or 
time occupied 







 Increase of 
load&unload 
availability 
Opportunity to use 
greener vehicles in 
the last mile 





3.3. IMPACT MONETIZATION PROPOSITION 
The proposed monetization method for the impacts of Table 4 are: 
• Reduction of GHG emission: there are several discussions of the cost of GHG 
emission. The U. S. Environmental Protection Agency published one study of carbon 
social cost (EPA, 2016), which represents the present value of present and future 
social costs due to one additional ton of carbon emitted in the atmosphere (Hope, 
2006). This study was selected to monetize the GHG emissions. 
• Vehicle Productivity: in this case, the increase of productivity is basically due to 
changing the type of operation from deliveries for different Receivers to transfer for 
a single point, the UCC, which can be monetized by the reduction of fuel 
consumption, maintenance, depreciation, etc. However, these costs depend on each 




difference between the average market value charged for delivery operation and 
transfer operation were selected as the value of the increase in vehicle productivity. 
• Receivings reduction: due to the cargo consolidation in the UCC, the weight per 
delivery increases, reducing the quantity of receivings and the time spent by 
Receivers in this operation. The cost of receivings is monetized by the average labor 
hour of operational collaborators. 
• Traffic congestion reduction: the time spent by population in traffic congestion might 
be used to leisure, studies or productive work. In this case, the production of the 
economic active population and the cost of wasted fuel are used to quantify the 
congestion cost by Firjan (2014), which was selected to provide the traffic congestion 
monetization in this research. 
• Local pollution reduction: the main local pollutant emitted by diesel engine vehicles 
is the PM. The exposure to PM emissions is associated to health problems as 
respiratory and cardiovascular system problems and the risk of premature mortality. 
The study published by ISS (2017), was selected to support the local pollution 
reduction monetization, once it relates the PM exposure with the costs of private and 
public hospitalization and losses of avoidable premature mortality.  
• UCC Cost: comprises costs with the facility and the last mile delivery (from UCC to 
Receivers), for example, vehicle and equipment rent/acquisition, labor costs, IT 
infrastructure, insurance, fuel, etc. For this research, the UCC cost is based on the 
average cost of a usual distribution centers and freight delivery, as well as, the 
calculated cost of a UCC study in Brazil.  





Table 5: Impact Monetization Proposition 
Stakeholders Impact Proposed method 
Shippers GHG emission 
reduction 
The GHG emission is monetized by the Carbon Social Cost, according 
to the U. S. Environmental Protection Agency (EPA, 2016). 
Carriers Vehicle 
productivity 
The increase of the vehicle productivity is the result of changing the 
operation from deliveries for different Receivers to transfer for a single 
point, the UCC. In a simplified way, the difference between these 
operations can be measured by the average market value charged for 
the two types of freight, delivery and transfer modalities.  
Receivers Receivings 
reduction 
Due to consolidation, the weight per delivery increases and the total 
number of annual receivings drops, reducing the average labor cost 




and local pollutant 
reduction 
The local population are benefited with the reduction in the time spent 
in traffic congestion because of the reduction of cargo vehicles 
circulating through the service area.  The monetizing method is based 
on the study published by FIRJAN (2014). 
Also, the local pollution is reduced, decreasing the cost spent in private 
hospitalization and avoidable premature mortality related to PM 







The PM reduction emitted by cargo vehicles also reduces the public 
hospitalization cost related to PM exposure that is based on ISS (2017). 
UCC costs considers the facility, the handling operation and the 
delivery freight costs. 
 
3.4. ECONOMIC ANALYSIS FRAMEWORK 
The presented economic analysis framework is the basic application of a Cost-Benefit 
Analysis, considering the costs and benefits of an UCC implementation. The framework  (Table 
6) was constructed separating the stakeholders and their impacts to incentivate to carefully 
evaluate the UCC impact for each stakeholder. 
The result is the sum of benefits (positive values) and costs (negative values). If the result is 
positive, the UCC is recommended to be implemented. 
The main point of this framework is that this structure considers the UCC implementation 
for the point of view of all stakeholder, not focusing only on operational costs and benefits, but 





Table 6: Economic analysis framework 
Stakeholder Impact Value 
Shipper Reduction of GHG emission  
Carrier Increase of vehicle productivity  
Receiver Reduction of receivings  
Local Population Reduction of traffic congestion  
Reduction of local pollutant emission  
Local Government Reduction of local pollutant emission  
UCC cost  
Result  ∑ 
 
 
4. APPLICATION FOR INTERNAL VALIDATION 
To verify eventual errors in the development of the model analysis and the quantification of 
impacts, a hypothetical study of UCC implementation was constructed and the proposed 
methodology was applied. The city of São Paulo was chosen for this purpose because it is a 
megacity with the highest GDP of Brazil (IBGE, 2018), access restriction for cargo vehicles 
and some studies of transportation externalities.  
Due to lack of a complete case study, the model was constructed considering empirical data 
based on previous projects and distribution costs of Brazilian market. 
The location chosen for the methodology application is a neighborhood of São Paulo which 
has a high concentration of stores and elevated level of traffic congestion. This area has heavy-
duty access restriction during the day and circulation permission for cargo vehicles with a 
capacity up to three tons. The studied area has 4,000 m2 and a population size of 33,892 






Table 7: Data of São Paulo Case Study 
Item Baseline 
Scenario 
Premises and estimative for the UCC Scenario UCC 
Scenario 
Volume (tons/day) 100 Assumed value 100 
Outbound vehicles 
(Vehicles for the Last 
Mile/day) 
100 It is considered 57.5% of vehicle load factor increase 
(the average between 15% and 100% reported in Allen et 
al (2012)), that is applied over the original weight per 
vehicle (1 ton/ vehicle), reducing the total number of 






100 It is considered reduction of 13% in trips to the 





10,000 It is considered, for each vehicle, the average 
distance traveled of 80 km (outside the service area) and 
20 km inside the service area.   
For the UCC Scenario it is considered reduction of 
70% in the VKT inside the service area (the average 
between 60% and 80% presented at Allen et al. (2012)). 
The UCC VKT is calculated considering the inbound 
vehicles multiply by the distance circulated outside the 
service area and summing the outbound vehicles 
multiply by the distance circulated inside the service 
area: (87 x 80) + (64 x 6) 
7,344 
Weight per delivery 
(ton/delivery) 
0.2 It is assumed increase of 13% in the cargo 
consolidation, based on Kassel UCC (Browne et al., 
2005). This increase is applied to the baseline weight per 
delivery to calculate it for the UCC Scenario. 
0.23 
Last Mile Freight 
(USD/ton) 






First Leg Freight 
(Shippers to UCC) 
(USD/ton) 
n.a. 34.77 










4.1. SHIPPERS ASSESSMENT AND IMPACT MONETIZATION 
Shippers are benefited by GHG emission reduction in the UCC Scenario, and as presented in 
Table 8, the total VKT is reduced by 14%, which represents less fuel consumption. Once most 
cargo vehicles in Brazil is diesel engine trucks (MMA, 2014), the diesel consumption reduction 
is used to monetize the VKT reduction. The main GHG emissions from transportation, 
according to EPA (2019) are CO2, N2O and CH4, whose emission factors are 2.6 kg/l, 0.03 g/km 
and 0.06 g/km, respectively (MMA, 2014). The average age of the national cargo fleet is 12 
years (ANTT, 2019) and the average fuel consumption is 7.35 km/l (MMA, 2014). The 
conversion of GHG to CO2eq is based on Climate Change Connection (2019) and the monetary 
value of the GHG reduction is based on EPA (2016). The detailed calculation is presented in 
Table 8 to Table 11. 
Table 8: CO2 emissions reduction for São Paulo 
Description Value Unit Observation and Source 
Baseline Scenario VKT 10,000 km/day  
UCC Scenario VKT 7,344 km/day  
VKT Reduction 2,656 Km/day  
Annual reduction 690,560 km Considering 5 days/week and 52 weeks 
CO2 Emission 
Factor for diesel engine 
2.6 Kg/l Source: MMA (2014) – Annex A  
Average diesel 
consumption 
7.35 Km/l Source:  MMA (2014) – Annex B. 
Considering the average consumption of urban 
cargo vehicle category, 9.1 and 5.6 km/l for 
“Semileves and Leves”  
CO2 Emission 
reduction calculation 
690,560 / 7.35 
* 2.6 / 1000 
ton  
CO2 reduced 244.56 Ton/year  
Table 9: N2O emissions reduction for São Paulo 
Description Value Unit Observation and Source 
N2O Emission 
Factor for diesel engine 
0.03 g/Km Source: Table 11 of MMA (2014) -Annex C 
N2O reduction 
calculation 
690,560 * 0.03 / 
1000000 
Ton/year  
N2O reduced 0.02 Ton/year  
N2O in CO2eq 1 ton of N2O = 
298 ton of CO2eq 
 Source: Climate Change Connection (2019) 
N2O in CO2eq 
reduced 






Table 10: CH4 emissions reduction for São Paulo 
Description Value Unit Observation and Source 
CH4 Emission Factor 
for diesel engine 
0.06 g/Km Source: Table 20 of MMA 
(2014) -Annex D 
CH4 reduction 
calculation 
690,560 * 0.06 / 1000000   
CH4 reduced 0.02 Ton/year  
CH4 in CO2eq 1 ton of N2O = 25 ton of 
CO2eq 
Ton/year Source: Climate Change 
Connection (2019) 
CH4 in CO2eq reduced 1.04 Ton/year  
Table 11: GHG emission reduction for São Paulo 
Description Value Unit Observation and Source 
Total CO2eq reduced 251.77 Ton/year  
Carbon Social Cost 36 USD/ton Source: EPA (2016), based on year 
2015 and discount rate of 3% 
Total cost reduced 9,063.76 USD/year  
 
4.2. CARRIERS ASSESSMENT AND IMPACT MONETIZATION 
Table 5 shows that Carriers are benefited from vehicle productivity and it is monetized by 
the difference between the baseline freight and the UCC first leg freight as presented at Table 
7.  
One can argue that the benefit for Carriers would be only the increase of profitability due to 
the rise of productivity, but this value depends on each specific vehicle and context of operation. 
To use a more generic measure, it is considered the whole freight difference as benefit, as 
presented in Table 12. 
Table 12: Carriers Benefits for São Paulo 
Description Value Unit Observation 
Baseline Scenario 64.39 USD/ton  
UCC Scenario 34.77 USD/ton  
Difference 29.62 USD/ton  
Annual Volume 26,000 Ton/year Considering 5 working days per 
week and 52 weeks 






4.3. RECEIVERS ASSESSMENT AND IMPACT MONETIZATION 
The cargo consolidation implies in less deliveries per Receiver, 13% in this case, reducing 
the operational costs. Table 13 demonstrates the calculation steps. 
Table 13: Receiving Costs for São Paulo Case 
Description Value Unit Observation 
Baseline Scenario 1.0 Ton/delivery  
UCC Scenario 1.13 Ton/delivery  
Annual Volume 26,000 Ton/year Considering 5 days/week 
and 52 weeks 
Number of Receivings 
at Baseline Scenario 
26,000 / 1 = 26,000 Unit 
 
 
Number of Receivings 
at UCC Scenario 
26,000 / 1.13 = 23,009 Unit 
 
 
Receiving Costs at 
Baseline Scenario 
26,000 * 9,55 * 0,25 = 
62.075,00 
USD/year Considering the average labor 
cost and time of receiving 
Receiving Costs at 
UCC Scenario 
23,009 * 9,55 * 0,25 = 
54.933,63 
USD/year  
Total Benefit 7,141.37 USD/year  
 
4.4. LOCAL POPULATION ASSESSMENT AND IMPACT MONETIZATION 
At the Baseline Scenario, the average volume per vehicle is one ton, demanding 100 vehicles 
per day. At the UCC Scenario, with the load factor increase, the average volume per vehicle is 
1,575 ton, demanding 63.5 vehicles, which represents 36.5% less vehicles than the Baseline 
Scenario. 
The traffic congestion size directly affects the congestion cost (Firjan, 2014), for 
simplification purpose and due to lack of detailed studies, it is assumed that the size of 
congestion is proportional to the fleet size. It is considered the total fleet of the region, with 
exception of motorcycles, tractors and trailers, for this impact analysis, once the size of the 
traffic congestion considers all types of motorized vehicles. 
Firjan (2014) reported a value of R$ 69.4 billion in 2013. The São Paulo fleet size in 2013 
was 6,394,124 vehicles (Detransp, 2013).   
The estimated reduction on traffic congestion cost due to vehicles reduction is presented in 
Table 14. The most updated study is based in values of 2013, the calculation considers the year 
base of 2013 and the result is corrected to the year base 2017 by the monetary correction factor 




Table 14: Traffic Congestion Reduction for São Paulo 
Description Value Observation 
Traffic congestion cost in 2013 (R$) 69.4 billion Source: FIRJAN (2014) 
São Paulo fleet (number of vehicles) 6,575,139 Source: Detransp (2013). 
Trucks Reduction with UCC Scenario (unit) 36.5  
% Reduction of the Metropolitan Region 
of São Paulo Total Fleet 
36.5 / 6,575,139 = 
0,0006% 
 
Reduction of the traffic congestion cost in 
2013 (R$) 
0,0006% * 69,400,000,000 = 
385,254.21 
 
Reduction of the traffic congestion cost in 
in 2017 (R$) 
385,257.21 * 1,23 = 
486,986.68 
Source: Central Bank of 
Brazil (2019) 
Reduction the traffic congestion cost in in 
2017 (USD) 
141.933,11 1 USD = R$ 3.4311 
PM exposure is associated to health problems. As PM is a local pollutant, the impact is 
considered only in the service area. It is considered the premise that the circulating cargo fleet 
is distributed equally throughout the Municipality of São Paulo (MSP) and the reduction of 
cargo vehicles reduces proportionally the PM2.5 concentration. The circulating truck fleet 
estimated for the service area of 4km2, which is 0.3% of the MSP area (IBGE, 2018), is 29,014 
vehicles (CETESB, 2018a) having 76 light diesel vehicles (“semi-leves” and “leves”), the 
allowed type for the service area. The light cargo fleet represents 6.35% of PM10 emissions 
(CETESB, 2018b). PM2.5 is a component of PM10 and any reduction is proportional for both 
(CETESB, 2016). 
Based on ISS (2017), the annual concentration of PM2.5 is 18,6 μg/m3. The impact of reducing 
cargo vehicles is shown in Table 15. 
Table 15: Estimation of PM2.5 Reduction 
Item Value Observation 
Light Cargo Fleet circulating in MSP (unit) 29,014 Source: CETESB (2018a) – Annex E 
Light Cargo fleet circulating at UCC Area 
(unit) 
29,014 * 0.3% 
= 76 
Proportional to the UCC Service 
Area (IBGE, 2018) 
Vehicles (light cargo) Reduction with UCC 
Scenario (unit) 
36.5  
% of Vehicles Reduction in UCC Area 36.5 / 76 = 48%  
% of PM2.5 Emissions by Light Cargo 6.35% Source: CETESB (2018b) – Annex F 
% of PM2.5 Emissions by Light Cargo in 
UCC Area 
48% * 6.35%= 3.04%  
PM2.5 Emissions by trucks (μg/m3) 18,60 Source: ISS (2017) 
PM2.5 Emissions Reduction in Service Area 
(μg/m3) 






ISS (2017) evaluates the reduction of PM2.5 emissions by switching part of the diesel engine 
buses to electric buses and monetizes it by the value of productivity loss of avoidable premature 
mortality and annual expenses with public and private hospitalizations related to population 
exposure of this pollutant for the MSP. Considering 2017, the estimated data attributable to 
PM2.5 emissions are 3,610 premature deaths, 1,979 public hospitalizations and 2,009 private 
hospitalizations, resulting in costs of US$407,320,580, US$1,007,170 and US$3,065,128, 
respectively (Annexes G to J, source ISS (2017)). 
ISS (2017) developed cost estimations if the PM2.5 concentration is maintained (Scenario 1) 
and with reduction of PM2.5 levels (Scenario 2) for different years and variations. The reduction 
of 0.566 μg/m3 is close to the year of 2020 presented in Scenario 2, which is used to estimate 
the annual cost reduction resulting of this variation, as presented in Table 16. 
Table 16: Cost reduction associated to reduction of PM2.5 for year base 2020.   




Annual concentration of PM2.5 
(μg/m3) 
18.60 18.04  Annex K 
Premature deaths (unit) 3,814 3,571  Annex L 
Cost related to Premature deaths 
(annual R$) 
1,442,426,126 1,350,525,353 6.4% Annex M 
Private hospitalization (unit) 2,107 1,921  Annex N 
Cost of Private hospitalization 
(annual R$) 
10,265,473 9,589,541 6.6% Annex O 
Public hospitalization (unit) 2,071 1,889  Annex P 
Cost of Public hospitalization 
(annual R$) 
3,369,871 3,148,537 6.6% Annex Q 
Source: Adapted from ISS (2017) 
According to ISS (2017), reduction in the concentration level of PM2.5 in 0.559 μg/m3 reduces 
the value associated to productivity loss due to premature mortality in 6.4%, and 6.6% in costs 
of private and public hospitalization. These factors are applied to the monetization of the UCC 
impact in the year base of 2017, restricted to the service area, which has 33,892 inhabitants and 
represents 0.3% of the MSP population (IBGE, 2017). 










Original costs associated with PM2.5 
emissions for MSP (annual USD) 
407,320,580 3,065,128 1,007,170 
Impact of PM2.5 emissions reduction 6.4% 6.6% 6.6% 
% impacted population 0.30% 0.30% 0.30% 
Benefits associated for UCC service 
area (annual USD) 
407,320,580 * 6.4% * 
0.3% = 77,854.41 
3,065,128 * 6.6% 
* 0.3% = 605.47 
1,007,170*6.6%*0.3%  
= 198.45 
For the Local Population, additional to the traffic congestion reduction, the benefits of 
Premature Mortality and Private Hospitalization are allocated, totalizing the annual value of 
USD 78,459.88. The Public Hospitalization value of USD 198.45 is allocated to the Local 
Government. 
4.5. LOCAL GOVERNMENT ASSESSMENT AND IMPACT MONETIZATION 
The Local Government is benefited from reducing costs of public hospitalization due to 
lower level of exposition of PM2.5 emissions, but also, it is responsible for the cost of the UCC 
operation, as presented at Table 18. 
Table 18: UCC Cost for São Paulo 
Description Value Unit Observation 
UCC cost 38.43 USD/ton Includes last mile freight, facility and 
handling cost 
Annual Volume 26,000 Ton/year Considering 5 days/week and 52 weeks 
Total UCC cost 999,180 USD/year  
 
4.6. APPLYING ECONOMIC ANALYSIS FRAMEWORK 
The economic evaluation for São Paulo case study is presented in Table 19, with benefits as 
positive and costs as negative values. 
Table 19: Economic Analysis of São Paulo Case Study 
Stakeholder Impact Value (annual USD) 
Shipper Reduction of GHG emission 9,063.76 
Carrier Increase of vehicle productivity 770,120.00 
Receiver Reduction of receivings 7,141.37 
Local Population Reduction of traffic congestion 141,933.11 
Reduction of local pollutant emission 
(Premature Mortality + Private 
Hospitalization) 
78,459.88 
Local Government Reduction of local pollutant emission 198.45 
UCC cost -999,180.00 





Table 19 presents the economic evaluation of a hypothetical UCC implementation in São 
Paulo, which incorporates benefits of the reduction of traffic congestion and health costs related 
to local emissions.  
The direct costs and benefits, as the UCC costs for Local Government and VKT reduction 
for Carriers, are the usual components of the economic evaluations. By taking into account only 
them, the evaluation result is -USD 229,060.00, showing that the UCC implementation is not 
justified.  
When incorporating the stakeholders´ benefits as the reduction of receiving cost, GHG 
emissions, traffic congestion and the costs of premature mortality and hospitalization related to 
PM emissions, the result presented at Table 20 indicates that the UCC implementation would 
be justified once it provides benefits for stakeholders that surpass the costs of its operation. 
4.7. SENSITIVE ANALYSIS 
For the sensitive analysis, it was conducted impact analysis of the variation of: (i) the value 
of the Carbon Social Cost (CSC); (ii) the difference between the freight in the Baseline Scenario 
and the first leg freight in the UCC Scenario, which reflects the Carriers´ productivity in this 
study; (iii) the labor cost for Receivers, named by receiving cost; (iv) the congestion cost value 
considered; (v) the impact of the reduction in the concentration level of PM2.5 due to vehicle 
reduction; and (vi) the UCC cost. For each case, it was considered -10%, -5%, 5% and 10% of 
variation.  
The results of all variation are presented in Figure 6, where the 0% variation represents the 
result of the economic analysis presented in Table 20. As shown in Figure 6, the main 
representative values are the UCC cost, composed by the last mile freight and handling cost, 
and the benefits to Carriers due to changing from deliver to several points to a transfer to a 






Figure 6: Result of the Sensitive Analysis for SP case 
Figure 7 and Figure 8 present the same data separately. Figure 7 illustrates the impact of the 
CSC value, the receiving cost, the congestion cost and the concentration level of PM2.5 and 
Figure 8 presents only the analysis of the Carriers´ productivity and UCC cost.  
As presented in Figure 7, the variation of the CSC value and the receiving cost produce 
relatively small impact in result in comparison with the other considered variables. A variation 
of +10% of the CSC and the receiving cost produce a variation of 12% and 9% in the result, 
respectively. 
A variation of -6% in the value of the congestion cost, due to the relevant total cost for the 
city of Sao Paulo (USD 69.4 billion in 2013, (Firjan, 2014)), changes the positive result 
presented at Table 20 to negative, changing the recommendation of UCC implementation.  
The decrease in -10% or -5% in the PM emission level reduction presented in Table 15 does 
not produce cost reduction, once it is necessary a bigger variation (increase) of the concentration 
level to produce cost variation (ISS, 2017). However, the increase in the PM emission level 
reduction produces a positive effect in the economic evaluation, which means that the cost of 
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Figure 7: Result of Sensitive Analysis for CSC, receiving cost, congestion cost and PM emission 
Figure 8 presents the result of the freight value variation for Carriers (freight delivery in the 
Baseline Scenario – first leg freight in UCC Scenario) and the UCC cost (delivery freight + 
UCC handling costs). Both are very representative for this model, a slight decrease in the 
difference of freight for Carriers may not justify the UCC implementation, also the increase of 
the UCC cost. 
 
Figure 8: Result of Sensitive Analysis for Carriers´ productivity and UCC cost 
 As demonstrated in Table 20, the freight and handling costs are the highest values of the 
economic evaluation, indicating the relevance of the operational optimization in UCC projects 
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5. APPLICATION FOR EXTERNAL VALIDATION 
The external validation aims to verify the application in other situations, in this case, a real 
UCC implementation study. Data for this methodology application are based on a study 
conducted at Curitiba, a Brazilian city with 1.9 million inhabitants, 435 km2 (IBGE, 2018) and 
one of the highest levels of motorization rate in Brazil, 0.8 registered vehicle per inhabitants 
(Denatran, 2019). 
The original study, financed by the IDB, had the analysis of the UCC viability as one of the 
objectives. The Downtown UCC, a 2,000 m2 facility in the center of the city, was chosen to 
compose this study due to its strategic location to serve downtown area, surrounded by 
commercial establishments. The year base of the study is 2013 and all values consider the same 
information. 
The UCC operation was designed considering inbound (receiving) at night and outbound 
(deliveries) during business hours. The costs of the UCC facility and deliveries were presented 
jointly as last mile freight. The results of this study, comparing the Baseline Scenario (without 
UCC) and the UCC Scenario (simulation with the implementation) are presented in Table 20.  
Table 20: Results of the original study  
 Baseline Scenario UCC Scenario Unit 
Volume (tons/day) 307.2 307.2 Ton/day 
Inbound vehicles  92 Vehicle/ day 
Outbound vehicles 
(Vehicles for the Last Mile) 
101 71 Vehicle/ day 
Vehicle kilometers traveled 21,800 16,169 VKT/day 
Weight per delivery 0.8 1.14 Ton/ delivery 
Last Mile Freight 47.18 23.59 USD/ton (it includes the UCC 
operation in the UCC Scenario) 
First Leg Freight 
(Shippers to UCC) 
 27.00 USD/ton 
Total costs 3,768,144.51 4,040,782.82 USD/year 
Source: adapted from IPPUC (2014) 
The consolidation at UCC and the route optimization reduced the number of vehicles to 
perform the last mile deliveries by 30% and the VKT by 26%. The weight per delivery increased 
in 42%. 
The Baseline Scenario annual cost was composed of last mile freight costs.  
The UCC Scenario annual cost comprised transfer freight from shippers to the UCC (first 
leg freight) and last mile freight costs, which include the UCC operational costs (human 




delivery costs (vehicles acquisition for delivery, drivers, fuel and maintenance). There was no 
site acquisition cost or operational profit in the project assumptions, since the UCC was 
considered a public operation using a public site. 
The project showed that the UCC Scenario was 7.23% more expensive than the Baseline 
Scenario. 
5.1. SHIPPERS ASSESSMENT AND IMPACT MONETIZATION 
The UCC Scenario, as presented in Table 20 reduces the VKT by 26%. Considering the 
GHG monetizing presented in Table 5 and Table 8 to Table 11, the benefit for the Shippers is 
presented in Table 21 to Table 24. 
Table 21: CO2 Reduction for Curitiba 
Description Value Unit Observation and Source 
Baseline Scenario VKT 21,800 km/day  
UCC Scenario VKT 16,169 km/day  
VKT Reduction 5,631 Km/day  
Annual reduction 1,466,660 Km Considering 5 days/week and 52 weeks 
CO2 Emission Factor 
for diesel engine 
2.6 Kg/l Source MMA (2014) – Annex A 
Average diesel 
consumption 
7.35 Km/l Source:  MMA (2014) – Annex B. 
Considering the average consumption of 
urban cargo vehicle category, 9.1 and 5.6 




7.35 * 2.6 / 1000 
ton  
CO2 reduced 519.42 Ton/year  
 
Table 22: N2O Reduction for Curitiba 
Description Value Unit Observation and Source 
N2O Emission Factor 
for diesel engine 
0.03 g/Km Source: MMA (2014) -
Annex C. N2O reduction calculation 1,466,660 * 0.03 / 1000000 Ton/year  
N2O reduced 0.04 Ton/year  
N2O in CO2eq 1 ton of N2O = 298 ton of 
CO2eq 
 Source: Climate Change 
Connection (2019) 







Table 23: CH4 Reduction for Curitiba 
Description Value Unit Observation and Source 
CH4 Emission Factor 
for diesel engine 
0.06 g/Km Source: MMA (2014) -
Annex D 
CH4 reduction calculation 1,466,660 * 0.06 / 1000000   
CH4 reduced 0.09 Ton/year  
CH4 in CO2eq 1 ton of N2O = 25 ton of 
CO2eq 
 Source: Climate Change 
Connection (2019) 
CH4 in CO2eq reduced 2.20 Ton/year  
Table 24: GHG Reduction for Curitiba 
Description Value Unit Observation and Source 
Total CO2eq reduced 534.73 Ton/year  
Carbon Social Cost 36 USD/ton Source: EPA (2016), based on year 2015 
and discount rate of 3% 
Total cost reduced 19,250.25 USD/year  
 
5.2. CARRIERS 
The Curitiba case study considers a consolidation level from the Shippers to the UCC. 
According to the reported benefits to Carriers, the vehicle productivity is monetized by the 
difference between the baseline freight and the UCC first leg freight as presented at Table 25. 
Table 25: Carriers Benefits for Curitiba  
Description Value Unit Observation 
Baseline Scenario 47.18 USD/ton  
UCC Scenario 27.00 USD/ton  
Difference 20.17 USD/ton  
Annual Volume 79,872 Ton/year Considering 5 days/week and 52 weeks 





The weight per delivery increases due to the consolidation, representing less time for 
Receivers dedicated to the receiving operation. 
It was assumed an average receiving time of 15 minutes and a labor cost of USD 8.75/hour 
for receiving operation. 





Table 26: Receiving Costs Reduction for Curitiba 
Description Value Unit Observation 
Baseline Scenario 0.8 Ton/delivery  
UCC Scenario 1.14 Ton/delivery  
Annual Volume 79,872 Ton/year Considering 5 days/week and 52 weeks 
Number of Receivings 
at Baseline Scenario 
79,872 / 0.8 = 
99,840 
Unit  
Number of Receivings 
at UCC Scenario 
79,872 / 1.14 = 
70,063 
Unit  
Receiving Costs at 
Baseline Scenario 
8.75 * 0.25 * 9,840 
= 218,400.00 
USD/year  
Receiving Costs at 
UCC Scenario 
8.75 * 0.25 * 
70,063 = 153,263.16 
USD/year  
Total Benefit 65,136.84 USD/year  
 
5.4. LOCAL POPULATION 
The Local Population is benefited from fewer vehicles circulating in the city. According to 
Firjan (2015), the traffic congestion impact represents losses of 3.3% of the city GDP, 
considering the year base of 2012.  
To calculate the impact of the vehicles reduction in the UCC Scenario for the last mile 
delivery, it was assumed that the traffic congestion size is proportional to the registered fleet 
size. The circulating fleet in the center of the city would be better data to be considered, but as 
no official information is available and the traffic congestion cost is for the entire city, the total 
fleet registered was selected. 
Table 27 presents the congestion cost reduction calculation and the traffic congestion cost, 
which was corrected to the year base 2013, year base of the original project, by the monetary 






Table 27: Traffic Congestion Costs Reduction for Curitiba  
Description Value Unit Observation 
Traffic congestion cost in 2012 3,353,147,000 R$/year Source: Firjan (2015) 
Curitiba Fleet in 2012 1,671,188 vehicles Source: IPPUC (2014), 
considering cars and trucks 
Vehicle reduction in the 
UCC Scenario 
30 vehicles  
% of the total fleet 30 / 1,671,188= 0.002%   
Reduction of the traffic 
congestion cost in 2012 
0,002% * 
3,353,147,000 = 60,193.35 
R$/year  
Reduction of the traffic 
congestion cost in 2013 
60,193.35 * 1,06 
= 63,951.36 
R$/year  Source: Central Bank of 
Brazil (2019) 
Congestion Cost Reduction 18,638.73 Annual USD 1 USD = R$ 3.4311 
No benefit related to the PM emissions reduction in Curitiba was calculated once the air 
quality monitoring data from the Environmental Institute of Parana (IAP) demonstrate PM 
levels within the recommended levels by World Health Organization (WHO), indicating that 
the air quality was not harmful for the residents (IAP, 2019; WHO, 2006). In this case, the 
reduction would not impact the health condition of the Local Population. 
5.5. LOCAL GOVERNMENT 
As mentioned previously, no measurable reduction of public health costs attributable to PM 
emissions reduction in Curitiba was found, once the air pollution is within the recommended 
levels by WHO. 
The additional cost of the UCC operation is the “Last Mile Freight” of the Table 20, which 
includes the UCC operation. The total value is presented at Table 28. 
Table 28: UCC Cost for Curitiba  
Description Value Unit Observation 
UCC last mile freight 23.59 USD/ton Includes UCC operation and delivery costs 
Annual Volume 79,872 Ton/year Considering 5 days/week and 52 weeks 







5.6. APPLYING ECONOMIC ANALYSIS FRAMEWORK 
The economic evaluation for Curitiba case study is presented in Table 29, with benefits as 
positive and costs as negative values. 
Table 29: Economic Evaluation applying the Kaldor-Hicks Criterion for Curitiba 
Stakeholder Impact Value (USD/year) 
Shipper Reduction of GHG emission 19,250.25 
Carrier Increase of vehicle productivity 1,611,247.72 
Receiver Reduction of receivings 65,109.71 
Local Population Reduction of traffic congestion 18,638.73 
Reduction of local pollutant emission 0 
Local Government Reduction of local pollutant emission 0 
UCC cost -1,883,886.03 
Result  -169,639.62 
 
Table 29 shows the economic reevaluation of the case study in the city of Curitiba. Although 
this analysis confirmed that the UCC implementation would bring more costs than gains, the 
breakeven point of gains and losses between the Baseline Scenario and the UCC Scenario 
dropped from USD 272,638.31 to USD 169,639.62. 
The data from Curitiba case study is based in IPPUC (2014) and it was not scope of this 
investigation to check the used parameters, assumptions, methodology or results.  
5.7. SENSITIVE ANALYSIS 
As the São Paulo case study, for this application, the main representative values are the UCC 
cost, composed by the last mile freight and handling cost and the benefits to Carriers due to 
changing from deliver to several points to a transfer to a single point, the UCC, validating the 
relevance of the operational costs compared to social and environmental costs in this model.  
For the sensitive analysis of the Curitiba case study, it was conducted impact analysis for 
variation of: (i) the value of the Carbon Social Cost (CSC); (ii) the difference between the 
freight in the Baseline Scenario and the first leg freight in the UCC Scenario, which reflects the 
Carriers´ productivity in this study; (iii) the labor cost for Receivers, named by receiving cost; 
(iv) the congestion cost value considered; and (v) the UCC cost. For each case, it was considered 
-10%, -5%, 5% and 10% of variation. 0% variation represents the result of the economic 






Figure 9: Result of the Sensitive Analysis for Curitiba case 
The variation of the value of the CSC, the receiving cost and the congestion cost produce 
relatively small impact in the result in comparison to the other variables. The congestion cost 
for Curitiba is not so representative as for São Paulo and its variation produces the same impact 
as the CSC. 
Both Carriers´ productivity (freight delivery in the Baseline Scenario – first leg freight in 
UCC Scenario) and UCC cost (delivery freight + UCC handling costs) are very representative 
for this model. Considering the data of the Curitiba study, the UCC implementation would be 
justified by a decrease of 10% in the UCC cost or increase of 11% in the Carriers´ productivity. 
6. DISCUSSION 
The most common discussions about the economic evaluation of UCCs are related to direct 
costs (UCC cost and the first leg and last mile freight), public funding availability and additional 
services offered by the UCC (Van Rooijen and Quak, 2010; Quak and Tavasszy, 2011; Allen 
et al., 2012; Nordtømme et al., 2015; Janjevic et al., 2017). The incorporation of socio-
environmental benefits in the economic evaluation is not frequent. 
Less tangible benefits as the reduction of receiving cost, GHG emissions, traffic congestion 
and the ones which are not related to the circulation of cargo fleet by most people, as the costs 
of premature mortality and hospitalization related to PM emissions, demand more efforts to be 
incorporated to the analysis and eventually, multidisciplinary studies to provide the 
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As shown in the applications of the Economic Evaluation Framework and the Sensitive 
Analysis in the case studies, the generated benefits of UCC implementation as reduction of 
traffic congestion, pollutant emissions and increase of productivity for stakeholders might 
surpass the UCC cost in some cases, enabling the discussion of urban freight solutions 
investments, from the point of view of the society. In addition, the monetization of the 
mentioned benefits for each stakeholder might help deepen the understanding of them, 
transforming what were considered intangible into values in a structured economic evaluation. 
The worsening of traffic congestion might increase the freight cost in general, but with the 
delivery consolidation and the reduced distance traveled in the service area, the impact for the 
UCC deliveries is smaller. Also, more traffic congestion might increase productivity losses 
associated with time spent in traffic and costs related to PM exposure, increasing the benefits 
and demand of UCC operations. 
The available data of PM emissions for the city of Curitiba published by IAP (2019) are 
within the recommend levels by WHO, but some research projects of air quality monitoring are 
being developed, indicating to be harmful for the population health in specific areas (UTFP, 
2017). It was identified a lack of studies associating the PM emission and cost for the health 
system and losses of premature mortality, which are essential to compose the correct 
monetization of the benefits presented in this research.   
7. CONCLUSION 
Urban consolidation centers are logistics facilities established in urban areas whose objective 
is to organize the cargo flow, coming from outside, to be delivered inside the service area, 
consolidating the deliveries in cargo vehicles with maximized load factor and optimized routes. 
UCCs provide reduction of externalities associated with transportation activities, decreasing 
the total distance traveled, the number of cargo vehicles circulating in the city and their pollutant 
emissions, the negative influence in traffic congestion and traffic accidents. Nonetheless, 
barriers to their operation are mentioned by many scholars, and financial sustainability is 
considered a major barrier for the UCC longevity (Björklund and Johansson, 2018) and it is 
expected that the operation becomes financially viable in medium to long-term (Allen et al., 
2012). 
It is a challenge to achieve cost optimization compared with the original situation when it is 
included a new handling point in the distribution process, the UCC operation, without 
incorporating the monetized benefits of the social and environmental impacts. In the literature, 




economic evaluation of UCC projects, probably because the responsibility of the delivery 
process is considered mainly or even, totally, of the private sector.  
The presented methodology helps to change the logistics solutions viewpoint restricted to 
supply chains for solutions focus on the cities. It contributes to a comprehensive economic 
evaluation, providing an analysis by stakeholder (Carriers, Shippers, Receivers, Local 
Population and Local Government) and a methodology to monetize their impacts. This 
approach provides a more complete representation of the stakeholder interests than an 
aggregated financial analysis, facilitating the inclusion of the socio-environmental impacts in 
the UCC economic evaluation. 
 The analysis by stakeholder allows the identification of the most impacted stakeholders 
(Carriers and Local Government), which would lead to discussions of how to increase benefits 
and reduce costs and alternatives to distribute the costs and benefits among the stakeholders. 
As demonstrated in the São Paulo case study, incorporating reduction costs of receiving 
operation, traffic congestion, impact of particulate matter exposure (premature mortality and 
private and public hospitalization) also including the increase of delivery productivity, the result 
of the economic evaluation of UCC implementation is positive.  
The limitations of this research are related to the lack of information about social and 
environmental benefits of UCC implementation. Different studies were used to compose this 
study as well as assumptions were made to calculate the benefits in monetary terms. The data 
used to monetize the benefits of the PM2.5 concentration reduction were based on the emission 
by buses in São Paulo, although the engine technology is the same for diesel engines, the driving 
conditions, the weight carried, among other factors, might change the results. Also, the ISS 
(2017) was the unique Brazilian study associating PM emissions to costs of preliminary 
mortality and hospitalization cost. The replicability to other cities to calculate this benefit might 
be evaluated according to the possibility to achieve these data. 
Opportunities for future research are related to deepen studies of the economic losses due to 
PM emission by cargo vehicles, the impact of cargo vehicles in traffic costs and curbside 
availability for loading and unloading operations, and how to establish standardized process to 
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ANNEX A – CO2 Emission Factor 
 
Table: CO2 Emission Factor by calendar year and fuel. Source: MMA (2014). 
 
ANNEX B – Fuel Consumption 
 
Table: Average Km/l for diesel engine. Source: MMA (2014). 
  
Average between  trucks 
“Semileves” and 
“Leves” – the types 
allowed to circulate in 




ANNEX C – N2O Emission Factor 
 
Table: N2O Emission Factor by category of diesel engine. Source: MMA (2014). 
 
ANNEX D – CH4 Emission Factor 
 
Table: CH4 Emission Factor by category of diesel engine. Source: MMA (2014). 
 
ANNEX E – Circulating Fleet of city of São Paulo 
 
Table: Circulating Fleet Estimation for city of São Paulo. Source: CETESB (2018a). 
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ANNEX F – Relative contribution of the air pollution sources in Metropolitan Region of 
São Paulo 
 
Table: Relative Contribution of the air pollution sources in Metropolitan Region of São Paulo. Source: CETESB (2018b). 
 
  
Sum of  trucks 
“Semileves” and 
“Leves” – the types 
allowed to circulate in 




ANNEX G - Number of Deaths attributable to PM emission by year at Scenario 1 
 
Table: Number of Deaths attributable to PM emission by year at Scenario 1. Source: ISS (2017). 
 
ANNEX H - Number of Public and Private Hospitalization attributable to PM exposure 
by year at Scenario 1 
 





ANNEX I - Cost of Deaths attributable to PM emission by year at Scenario 1 
 
Table: Cost of Deaths attributable to PM emission, from 2017 to 2050. Source: ISS (2017). 
ANNEX J - Cost of Public and Private Hospitalization attributable to PM exposure by 
year at Scenario 1 
 




ANNEX K – Scenario 2 – Variation of PM emission which produce effect in population 
health. 
 






ANNEX L – Variation of the Number of Deaths attributable to PM emission by year at 
Scenario 2 
 





ANNEX M – Variation of the Cost of Deaths attributable to PM emission by year at 
Scenario 2 
  
Table: Cost of Deaths avoided attributable to PM emission in Scenario 2. Source: ISS (2017). 
ANNEX N – Variation of the number of Private Hospitalization attributable to PM 
exposure by year at Scenario 2 
 





ANNEX O – Variation of the cost of Private Hospitalization attributable to PM 
exposure by year at Scenario 2 
 
 Table: Cost of Private Hospitalization avoided attributable to PM emission reduction in Scenario 2. Source: ISS (2017). 
 
ANNEX P – Variation of the number of Public Hospitalization attributable to PM 
exposure by year at Scenario 2 
 





ANNEX Q – Variation of the cost of Public Hospitalization attributable to PM exposure 
by year at Scenario 2 
 
Table: Cost of Public Hospitalization avoided attributable to PM emission reduction in Scenario 2. Source: ISS (2017). 
 
ANNEX R – Glossary 
City Logistics: Process of optimizing the delivery of goods in urban areas, considering the 
social, regulatory and environmental dimensions.  
EAP or Economically Active Population: Part of the population that is in the age which can 
work legally. 
Last Mile Delivery: The movement of goods to their final destination. 
PM emission: Emissions of Particulate Mattter from diesel engines. Respiratory and 
cardiovascular system problems and the risk of premature mortality are related to PM 
emissions. 
Premature Mortality: Deaths of the EAP resulting from cardiorespiratory problems due to 
exposition to PM emissions. 
Private Hospitalization Costs: Estimated costs of the private health system hospitalization 
because of cardiorespiratory problems due to exposition to PM emissions. 
Public Hospitalization Costs: Cost of the public health system (SUS) hospitalization because of 




VKT or Vehicle kilometers travelled:  The total kilometers traveled by cargo vehicles on the 
road system during a given period of time. 
 
